10%-15% of all cervical spondylosis. 4 Surgeries for CSM patients mainly involve anterior or posterior approaches, including laminectomy, laminectomy with fusion, laminoplasty, and anterior cervical discectomy and fusion (ACDF), as well as anterior cervical corpectomy and fusion (ACCF). 5 In the past few years, researches about CSM has been mainly focusing on its diagnosis and surgical treatment; for example, studies about accuracy of diffusion tensor imaging for diagnosing cervical spondylotic myelopathy, comparison of anterior cervical corpectomy and multilevel discectomy and grafting, and anterior approaches for CSM have been conducted. [6] [7] [8] 12 It was also demonstrated that vitamin D could upregulate glutamate cysteine ligase and glutathione reductase and increase cellular GSH formation in cultured monocytes. 13 This study intends to investigate the predicative values of plasma VDBP, 25(OH)D, and GSH levels in the surgery outcome in CSM patients. or (e) patients or researchers who wanted to suspend the experiment.
| SUBJECTS AND METHODS

| Study subjects
All the included patients were confirmed with CSM through medical history, neural system, and imaging examinations in our hospital. Japanese Orthopaedic Association (JOA) scores of all patients were obtained before and after the surgery to calculate improvement rate. Patients with an improvement rate higher than 50% were assigned into good prognosis group and the others were assigned into fair prognosis group. 15 There are 127 patients in the good prog- 
| Imaging examination
Patients were asked to remove clothes and ornaments that could arise artifacts prior to iconographic examination. Frontal and lateral radio- 
| Blood sampling
Fasting venous blood samples (9 mL) from patients were collected on the day following diagnosis and 4 months after surgery. The samples were put into dry tubes (3 mL), tubes containing K2-ethylenediaminetetraacetic acid (EDTA-K2) as anticoagulant (3 mL) and tubes containing sodium citrate as anticoagulant (3 mL). Tubes containing EDTA-K2 and sodium citrate were kept at room temperature for 30 minutes, while dry tubes were kept in water box (at 37 C) for 30 minutes. After that, the sample was centrifuged and kept at room temperature for further use.
| Surgical selection
Patients included in this study were treated with anterior, posterior, or combined surgeries. Selection criteria 17 were as follows: (a) patients underwent conservative treatments for more than 3 months but showed no obvious outcome or suffered from repeated recurrence, and specific surgery indications were shown in clinical symptoms, signs, and imaging findings; (b) spinal compression mainly came from the front or back side and lesions were found in 2 to 5 intervertebral spaces; and (c) patients were physically healthy to go through surgery. Signed informed consents were obtained from all patients prior to surgery.
| Surgical approach
Patients enrolled were treated with anterior cervical approach, posterior cervical approach, or combined posterior-anterior approach. Prior to surgery, all the patients received detailed preoperative preparation.
Posterior surgical approach for patients (n = 66) were as follows:
under general anesthesia, patients were placed in lateral decubitus position at their less symptomatic side with their necks slightly extended (20 -30 ) . A median incision was made on the back neck to expose the vertebral plates at both sides of cervical vertebra. Bifurcation of spinous processes from C3 to C7 were removed with a bone rongeur. A bony gutter was drilled at the lamina 0.5 cm from the root of spinous processes on the side that is less symptomatic ("door hinge Co., Ltd, Shanghai, China) at 412 nm to determine the variance ratio.
Standard curve was made according to the absorbency variance ratio of standard concentration GSH at 412 nm so as to determine the plasma GSH levels.
| Follow-up
Clinic examinations were performed and phone calls were made at the fourth month after surgery as the follow-up. Pain, pain spots, fine movements, and motions were recorded. Nervous systems of patients were examined carefully by examining myodynamia of limbs and observing if they had Werdnig-Hoffmann disease. Plain film radiography and dynamic lateral radiography of the cervical vertebra, CT scan, and MRI examination were performed. JOA scores, 18 40-point scores,
visual analogue scales (VAS), neck disability index (NDI), 19 and Nurick scores 20 were recorded.
| Surgical outcome evaluation
Surgical outcome of all patients were evaluated by JOA scores. 
| Statistical analysis
The SPSS 19.0 statistical software (IBM Corp., Armonk, NY) was used for data analysis. The measurement data were presented using the mean ± SD. 
| Preoperative and postoperative neurologic function scores among the control, good prognosis, and fair prognosis groups
Neurologic function scores in the good prognosis and fair prognosis groups were greatly different from those in the control group before surgery (P < 0.05). After surgery, neurologic function scores in the good prognosis group were not significantly different from those in the control group (P > 0.05), but were greatly different from those in the fair prognosis group (P < 0.05). No significant difference was found in preoperative neurologic function scores of patients in the good prognosis group and the fair prognosis group (all P > 0.05), while postoperative neurologic function scores revealed a significant difference (all P < 0.05). Preoperative and postoperative neurologic function scores indicated that all patients from both groups had some improvements and that the good prognosis group had greater recovery than the fair prognosis group (P < 0.05). Preoperative and postoperative neurologic function scores of all groups were significantly different (all P < 0.05) ( Table 2 ). were significantly different (all P < 0.05). Improvements in spinal cord compression and motions of the cervical vertebra were significantly different between the two groups (all P < 0.05) (Figures 1 and 2 ).
| Postoperative plasma VDBP, 25(OH)D, and GSH levels are increased in the good prognosis group
Preoperative levels of plasma markers in the good prognosis group and the fair prognosis group were not statistically different (all P > 0.05).
However, compared with the control group, the two groups had a substantially lower plasma VDBP, 25(OH)D, and GSH levels (all P < 0.05).
Postoperative levels of plasma markers (4 months after surgery) in the good prognosis group and the fair prognosis group were significantly different from preoperative levels of plasma markers. Plasma levels in the fair prognosis group were significantly different from those in the good prognosis group (all P < 0.05). Significant difference was also found in postoperative plasma marker levels (4 months after surgery) between the control group and the fair prognosis group (all P < 0.05) but no significant difference existed between the control group and the good prognosis group (all P > 0.05) ( Table 3) . 
T A B L E 1 Clinical characteristics of CSM patients in the good prognosis, fair prognosis, and control groups
| Logistic regression analysis of risk factors for surgical outcome in CSM patients
Such variables as time of bending over desk, pillow height, smoking, plasma VDBP, plasma 25(OH)D, and plasma GSH were selected for the multivariate logistic regression analysis with surgical outcome as the dependent variable. As shown in Table 4 , plasma VDBP, 25(OH)D, and GSH levels were favorable prognostic factors for CSM surgical outcome (all P < 0.05). No substantial association was found in CSM surgical outcome and time of bending over desk, pillow height, and smoking (all P > 0.05). 33 Evidences found in our study proved that higher plasma GSH level in patients was a favorable prognostic factor for CSM surgical outcome. GSH, an antioxidant molecule, protects cells from reactive oxygen molecules like free peroxides and radicals, which contribute to inflammatory responses and increase the extent of spinal injury. 34, 35 Reactive oxygen species oxidizes proteins through oxidation of protein thiols and formation of protein-free radicals; GSH decreases protein-free radicals yielding glutathione-free radical, thus protecting cellular proteins against oxidative injury, 36 which is consistent with our finding. Also, it could be speculated from previous research that plasma GSH level correlates with acute spinal cord ischemiareperfusion injury repairing through curcumin. 37 Supplementation of GSH was also reported to attenuate organ injury and improve function after transplantation of fatty livers in a rat model. Supplementation of GSH could raise blood levels of VDBP and vitamin in African-American patients with type 2 diabetes. 12 Another study also suggested a significant positive correlation between GSH level and blood levels of L-cysteine (LC) and vitamin D in type 2 diabetic patients. 39 Also, a randomized placebo-controlled trial found that supplementation of Vitamin D could, in turn, increase plasma GSH level in gestational diabetes. 40 
| CONCLUSION
Based on our findings, plasma VDBP, 25(OH)D, and GSH levels were favorable prognostic factors for CSM surgical outcome, suggesting that VDBP, 25(OH)D, and GSH may possibly be served as potential predicators for surgical outcome of CSM patients. Meanwhile, our study is limited by small subject size. Further studies are needed to fully validate the findings in the study and further define the underlying mechanisms.
